Aims To estimate the prevalence of self-reported pharmacological neuroenhancement (PNE) with prescription or recreational drugs among the Swiss general population and correlates of PNE. Design A population-based crosssectional study using a self-administered online survey. Setting A telephone-recruited highly representative Internet Panel in Switzerland. Participants A total of 10 171 Swiss employees and students (unweighted N = 10 084) aged 15 to 74 years (mean age: 39.1 ± 13.3; 46.6% female). Measurements Self-reported lifetime, pastyear, and past-month use of prescription or recreational drugs for PNE, motives for use, and correlates of PNE including socio-demographic, health, and recreational drug use characteristics. Findings The lifetime prevalence of PNE was 4.0% (95% CI = 3.62, 4.38), and the past-year prevalence was 2.1% (95% CI = 1.82, 2.38). Lifetime pharmacological mood enhancement (3.1%; 95% CI = 2.76, 3.44) was more prevalent than pharmacological cognitive enhancement (1.4%; 95% CI = 1.17, 1.63). Fifty-four participants reported both (0.5%; 95% CI = 0.36, 0.64). PNE was associated with studying rather than full-time ( 
Introduction
The use of prescription or recreational drugs by healthy individuals to enhance cognitive or affective function [1, 2] is termed pharmacological neuroenhancement (PNE) when explicitly used for the purpose of improved performance at work or in education [3] . Prescription drugs indicated for the treatment of psychiatric disorders such as attention-deficit hyperactivity disorder (ADD/ADHD) or narcolepsy are the focus of the PNE debate because these drugs also have cognitive-enhancing effects in healthy individuals [1, 4] .
The prevalence of nonmedical stimulant use is well researched among American college students although differentiation of motives for use is often lacking [5] [6] [7] [8] [9] . While the estimated annual prevalence of drug use for PNE was 4.0% [10] , estimated nonmedical use ranged from 1.5% to 35% [11, 12] . The most recent and most comprehensive review estimated the rate of prescription stimulant misuse among college students at 17.0% [13] . Table 1 provides an overview of recently published studies estimating specifically the prevalence of PNE among different study samples and different substances used to improve performance at work or while studying.
( Table 1) Several recent studies have concluded that the use of psychoactive substances for cognitive enhancement among students is less prevalent in Europe than in the United States [3, [14] [15] [16] [17] . Three Swiss studies have addressed the prevalence of PNE among students and young Swiss men and reported a lifetime prevalence of PNE of 3.0% to 13.8% but only rare current regular use [18] [19] [20] . The highest prevalence rate was, however, due to the inclusion of the recreational drugs alcohol and cannabis, which were not only used recreationally (90.2% and 43.3%, respectively) but also to improve study performance (5.6% and 2.5%, respectively) [20] .
Swiss students reported the use of illegal stimulant mainly for recreation (MDMA= 5.2%, cocaine = 4.2%, and amphetamine = 3.7%) and rarely to enhance study performance (all < 0.5%) [20] Consistent with previous research [9] , all of the Swiss studies observed a positive association between recreational drug use and PNE [18] [19] [20] . However, the study estimating the prevalence of PNE among young Swiss men is not included in Table 1 because of a lacking predefinition of the purpose of illicit drug use [19] .Despite an increasing number of research publications on PNE, the generalizability of the research results is problematic because the inclusion of substances used for PNE differs greatly among studies [3, 21] . Furthermore, the distinction between medical use and nonmedical use is often not clear. In general, the 12-month prevalence of prescription stimulant use in the Swiss population is low (0.5%) and most prevalent among youth and young adults [22] . Past-year use of sedative prescription drugs is more prevalent (9.7%) and associated with female gender and increased age [22] . Although the source of supply was specified, nonmedical use was not further specified.
Interpreting the results for the prevalence of PNE is also complicated by differences among countries in the approval of medication for the treatment of mental health disorders. Moreover, users are often not aware of the trade names of prescription drugs, and this lack of awareness may bias the outcome of the prevalence of prescription drug use in surveys. A substantial advantage of online surveys is the presentation of pictures of putatively enhancing drugs to facilitate the recognition of the drugs that have been used [23] . The present study is the first in Europe on the topic of PNE to combine questions about the prevalence of the use of prescription and over-the-counter drugs with pictures of the pills, blister, and packaging. In addition, previous studies of the prevalence of and attitudes toward PNE have focused primarily on vulnerable groups, such as students [5, 8, 16, 24] , scientists [25] , physicians [26] , and pilots [27, 28] , but never on the general population.
This study was designed 1) to estimate the prevalence of PNE among employees and students in Switzerland considering different motives for use; 2) to identify relevant substances used for direct cognitive enhancement (PCE) or increased psychological well-being and mood enhancement (PME); and 3) to investigate the differences between people experienced with PNE and non-users to reveal potential predictors for PNE.
Materials and methods

Participants and enrollment procedure
Participants were drawn from a representative Internet panel of the LINK institute for market and social research in Switzerland, which consists of more than 130 000 people living in Switzerland who consented to be contacted for public opinion surveys administered through the Internet. The LINK institute uses a computer-assisted telephone interviewing system to recruit panelists representing the Swiss general public. These panelists are representative of the 15-to 74-year-old population of Switzerland that uses the Internet at least once per week for private purposes and is able to answer a questionnaire in German, French, or Italian. The study was conducted during March 2013, and participants were rewarded with one of the following incentives, equal to a value of approximately 2 Euros: points for supermarkets, bookshops, or donation campaigns.
A total of 39 996 e-mail invitations were sent out, and 18 094 began the survey, corresponding to approximately 45.2% of the invitations. Of the 18 094 panelists who responded, 12 404 met the eligibility criteria (currently employed or in education and quota not yet fulfilled) for the study. A total of 10 084 (82.3%) completed the survey; 2320 (18.7%) did not complete the survey (see participant flow diagram; Fig. 1 ).
( Fig. 1) The self-reported data on PNE and correlates were weighted for age, gender, and language region to create national-level estimates of the prevalence of neuroenhancement. The definition of quota cells for the sample was based on the data for the constant resident population of Switzerland (STATPOP) published by the Federal Statistical Office. Informed consent was obtained from all participants included in the study. The final weighted sample referred to in the present paper consisted of 10 171 participants; the number of interviews realized per quota cell and the resulting weighting factor for the data for each language region in Switzerland are provided in the supplementary materials (Table S1) .
Outcome measures
A self-administered online questionnaire based on previous surveys of substance use at work or while studying was used to estimate the prevalence of PNE as well as important correlates such as socio-demographic data, stress, and physical and mental health; the specifications of the questionnaire design are provided in the supplementary materials (Methods S1). The questionnaire was pretested with 103 participants of the LINK Internet panel and improved accordingly.
Participants were asked whether they were aware of PNE and whether they knew other people using prescription or recreational drugs intentionally to enhance cognition or mood at work or while studying. The prevalence of and the two main motives for PNE at work or for studying were examined through two principal questions. First, participants were asked whether they had ever used prescription or recreational drugs to enhance their cognitive performance at work or while studying. Second, they were asked whether they had ever used prescription or recreational drugs to enhance their mood at work or while studying. The group of people who answered affirmatively to at least one of these two questions will be referred to as PNE users hereafter.
Cognitive and mood enhancement were the two main motives of interest, but all participants were required to indicate for each substance used whether the use was aimed at specific neuroenhancement purposes: to enhance concentration, alertness, and vigilance; to reduce nervousness; to enhance mood at work or while studying; and to relax after stress at work or in education.
Statistical analysis
Descriptive statistics provided information about the prevalence and substances used for PNE; the prevalence of the use of alcohol, illegal drugs, and legally available soft enhancers; the frequency of stress; and the physical and mental health states of the participants. Initially, we performed separate logistic regression analyses (subsequently termed 'univariate analyses') to evaluate the ability of each independent variable to predict the lifetime use of PNE. All predictors from the univariate analyses were entered into a fully adjusted multivariable model. Nagelkerke's R-square was calculated as a goodness-of-fit measure for the multivariable model. All quantitative analyses were conducted using IBM SPSS Statistics Version 22 (SPSS Inc., Chicago, IL, USA).
Significance was set at P < 0.050.
Results
Participant characteristics
The stratified sample displayed an equal distribution of gender (46.5% female) and a mean age of 39.1 years (SD = 13.3). The majority of participants were German-speaking and worked full-or part-time. Three of four participants (71.6%) were aware of PNE. One-quarter of the sample was aware of one (14.3%) or more (11.5%) people in their circle of acquaintances who had used prescription or recreational drugs at least once to enhance their cognitive performance (PCE) at work or while studying. One fifth of the participants, however, knew one (11.6%) or more (8.2%) people who had used psychoactive substances to increase psychological well-being (PME) at work or while studying. Participants who knew at least one PNE user (35.0%) were seven times more likely to report own experiences of PNE (OR = 7.03; 95% CI 5.55, 8.90). Moreover, a small number of participants reported that their friends had already recommended PCE (4.3%) or PME (2.3%) to them. A narrow majority of the sample did not recognize any justification for PNE (57.7%), and only a few people were willing to use prescription drugs (8.7%) or recreational drugs (4.0%) to improve their performance at work or while studying, even if the hypothetical case that the drugs were effective was true. Furthermore, the majority of the participants believed that the use of prescription and recreational drugs for PNE might be harmful (74.3% and 85.3%, respectively).
Prevalence of PNE
The participant characteristics for the analysis of lifetime PNE are presented in Table 2 . Of the study participants, 4.0% (n = 411; 95% CI = 3.62, 4.38) reported the use of prescription or recreational drugs to perform better at work or while studying (PNE). Lifetime PME to perform better at work or while studying (3.1%; 95% CI = 2.76, 3.44) was more prevalent than PCE (1.4%; 95% CI = 1.17, 1.63) Fifty-four participants reported both (0.5%; 95% CI = 0.36, 0.64). The past-year prevalence of PNE was 2.1% (n = 215; 95% CI = 1.82,
2.38).
Univariate predictors of lifetime PNE
As shown in Table 2 , all variables were univariate predictors of lifetime PNE. (Table 2) The lifetime use of recreational drugs and soft enhancers as univariate predictors for PNE is displayed in Table   3 . The lifetime use of tobacco, illegal drugs, and over-the-counter (OTC) drugs was more prevalent among PNE users. No association was observed for lifetime use of alcohol and caffeine products. Only a few people reported the use of a fictitious drug; these individuals were, for the most part, not experienced with PNE (Table 3 ). (Table 3 )
Multivariable predictors of lifetime PNE
The overall prediction model resulting from a hierarchical logistic regression (R 2 = 0.27) is presented in Table 4 and revealed that the following variables were positively associated with lifetime PNE: being a student, frequent stress in the past 12 months, psychological consulting, lifetime diagnosis of a mental disorder, and lifetime use of cocaine and illegal amphetamine. Having minor children at home and perceived health were negatively associated with lifetime PNE.
( Table 4 )
Prescription drugs used for PNE, motives for use, and source of supply
Tranquilizers and antidepressants were the substances most commonly misused, and current prescription drug misuse within the past 30 days was rare for all prescription drug categories (Table 5) . Among PNE users, 26.2%
reported lifetime nonmedical use of tranquillizers, 20.2% antidepressants, 14.2% ADD/ADHD medication, 3.5% beta-blockers, 1.8% modafinil, and 0.4% anti-dementia drugs. The prevalence of nonmedical use of each medication evaluated in the survey is available in the supplementary materials (Table S2 ). The source of supply for the nonmedical use of prescription drugs was most commonly a doctor (Table 5 ). However, the main source of supply for ADD/ADHD medication was friends (Table 5) . A narrow majority of the PNE users reported the desired effects of PNE with prescription drugs (Table 5) . (Table 5) The reported nonmedical use of tranquilizers was aimed mainly at improving sleep and relaxation after stress at work or in education (33.5%). The main motive for the nonmedical use of antidepressants was PME at work or while studying (58.8%) as well as PME in leisure (38.3%). ADHD medications were most commonly misused for PCE (74.5%). The only two people who mentioned the misuse of an anti-dementia drug both used the drug for the purpose of PCE. The number of participants who used modafinil and beta-blockers without having a prescription or other than prescribed was too small to make reliable statements about the motives for use.
Recreational drugs used for PNE, motives for use, and source of supply
Alcohol users mentioned relaxation during leisure time as their most important motive for drinking alcohol.
Partying and getting high were the main motives for the use of illegal drugs (87.4% for MDMA, 77.7% for cocaine, 73.2% for illegal amphetamine, 59.2% for ketamine, 54.7% for cannabis) except for GHB/GBL, for which half of the self-named users reported that their use occurred involuntarily. However, 15.2% of illegal amphetamine and 11.6% of cocaine users reported that they had already used these drugs intentionally for PCE (Table 5) . Moreover, the use of alcohol and cannabis to relax and to calm down after stress in the workplace or education, which would be considered indirect PNE [3] , was reported by one quarter of alcohol users and one fifth of cannabis users (Table 6 ).
( for illegal amphetamine, 14.6% for cannabis). Only a minority of users had bought their drugs on the Internet (15.9% for ketamine, 5.9% for GHB/GBL, 2.0% for illegal amphetamine, 0.9% for cocaine, 0.7% for MDMA, 0.5% for cannabis) or received them from family members (9.4% for ketamine, 5.2% for GHB/GBL, 3.0% for cannabis, 2.1% for illegal amphetamine, 2.2% for cocaine, 1.1% for MDMA).
Discussion
This study is the first representative large-scale study of PNE among the Swiss population that did not focus solely on students but also on employees and surveyed the various substances used for PNE. The study revealed three main findings. 1) Among the study sample, 4.0% reported lifetime use of prescription or recreational drugs for PNE, but only half of these respondents (2.1%) reported PNE within the past year. 2) Lifetime diagnosis of a mental disorder, experience with professional psychological consulting, stress, being a student, living without minor children at home, perceived poor health, and the lifetime use of the illegal stimulants cocaine and amphetamine were the strongest predictors of lifetime PNE. 3) PME was more prevalent than PCE or both PME/PCE.
According to our study, the lifetime and 12-month prevalence rates of PNE were rather low compared to other studies (see Table 1 ) or general prescription and recreational drug in the Swiss population [22, 29] . This result is consistent with recent research on substance use for PNE among German and Swiss employees [30] [31] [32] but indicates a lower prevalence compared to Swiss student-only surveys [18, 20] . The willingness to use prescription drugs or recreational drugs for PNE for the hypothetical case that they were effective without any side effects was considerably low among study participants without self-reported PNE (8.7% and 4.0%, respectively). However, the interest in PNE was slightly higher among students, demonstrating the need to monitor PNE among youth in Europe. The authors of a recent study of PNE among UK students claimed that the low prevalence despite high interest might be explained by the lack of availability of prescription drugs [33] .
Participants who reported a lifetime diagnosis of a mental disorder were more than four times more likely to report PNE. Moreover, participants who felt often or very often stressed during the past 12 months and participants who rated their health as only poor were also more likely to report PNE. Having minor children at home was found to be a protective factor that made the occurrence of PNE unlikely. The association between illegal drug use and PNE established in the literature [6, 9, 20, 34] was confirmed in the present study. Participants who reported having used cocaine or illegal amphetamine were more than two times more likely to report PNE.
The nonmedical use of antidepressants and tranquilizers for increased well-being (PME) was more prevalent than stimulant use for cognitive enhancement. Furthermore, the majority of PME users had previously sought help because of a mental health problem and were assumed to misuse their current or past medication for PNE [7, 35] . The finding that the participants reported greater awareness of PCE by others (25.8%) compared to PME by others (19.8%), although opposite prevalence rates of substance use for these purposes were reported, potentially indicating underreporting of PCE in the present study. In addition, the use of sedating substances, such as alcohol and cannabis, to relax after stress in the workplace or education was more common than illicit stimulant use for PCE and can be viewed as a form of indirect PCE if used to increase relaxation to perform better the next day [3] . The frequent and high use of alcohol (and/or cannabis) as a socially accepted strategy to cope with stress may cause greater harm than occasional PCE with prescription drugs during short periods in life. However, further studies are needed to determine if PCE use by students continues after graduation.
Strengths, limitations and implications
A major strength of this study is the large sample of employees and students recruited as part of the Swiss national Internet panel of the LINK institute, which is representative of the Swiss population. Furthermore, thorough weighting procedures were used to investigate substance use for the purpose of cognitive and mood enhancement at work or while studying. Moreover, this survey included authentic photos of each medication to facilitate user recognition and inquired specifically about nonmedical use and its motives. In addition, two fictitious drugs were included to control for socially desirable responding behavior. responding to questions about substance use for performance. Therefore, a more specific definition of PNE should be implemented in subsequent surveys [3] . In addition, we asked about a broad range of potential prescription drugs used for PNE (Table S2 ) but did not address the issue of generic medication.
The identification of two different types of PNE users with different motives for substance use has several implications for preventing physical and mental harm. First, healthy PNE users without a current or past mental disorder should be informed about the possible risks and side effects of PNE use. Academic institutions and companies could provide students and employees with information about strategies other than substance use and develop stress-management training as tools for early prevention of PNE in healthy individuals. Moreover, increased communication about the addiction potential of certain drugs used for PNE is needed, and doctors should be able to furnish objective information about the effects, side effects, and individual differences in response to prescription drugs. Second, PNE users with an underlying mental disorder who receive no or only insufficient treatment should be informed about further treatment options. Corporate interventions must be implemented if the mental disorder is associated with the workplace situation and job changeover is not desired.
Third, workplace health promotion should address the issue of stress and successful coping strategies before PNE occurs. This goal could be achieved by strengthening the social and communication skills of the employees and management. Finally, future research should investigate differences between PNE users with and without a current or past mental disorder. The motives and profiles of "healthy" and more vulnerable PNE users likely differ and consequently require different intervention measures.
Conclusions
Our research constitutes the first comprehensive and representative large-scale study of PNE on a national level in Europe. Among the Swiss population, 4.0% reported lifetime PNE, but only 2.1% reported past-year PNE.
Lifetime PNE was strongly associated with prior diagnosis of at least one mental disorder, with being a student rather than employed, and with illegal stimulant use experience. PNE is not (yet) common among the Swiss population, but monitoring further development is recommended. 
